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Summary Time-related effects of a pregnancy on breast cancer risk were examined in a population-based
prospective study of 802 457 parous Norwegian women aged 20-56 years. The mean follow-up time was 16.4
years. A total of 4787 women were diagnosed with breast cancer. We observed a short-term increase in risk of
breast cancer after a full-term pregnancy, with a maximum 3-4 years after delivery, followed by a long-lasting
decrease in risk. The maximum risk was about twice the risk for women whose last delivery was 20 or more
years previously (incidence rate ratio = 1.99, 95% confidence interval = 1.70-2.33). Compared with nul-
liparous women, those with one or two children were at higher risk in the first decade after the last pregnancy,
whereas those with three or more children were at lower risk in most categories of time since the last birth.
The positive association between breast cancer risk and age at last birth was markedly reduced after
adjustment for time since last birth. We conclude that there is a non-linear relationship between breast cancer
incidence and time since last birth. Part of the relation with age at last birth may be attributed to the
association with time since last birth.
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Recent results from epidemiological studies have indicated
that the long-term protective effect of a pregnancy on breast
cancer risk is preceded by a short-term adverse effect. Three
hospital-based case-control studies (Bruzzi et al., 1988;
Negri et al., 1990; Williams et al., 1990) have shown an
increased risk of breast cancer 0-5 years after delivery com-
pared with other time periods after birth. Two population-
based case-control studies (Adami et al., 1990; Cummings et
al., 1994) and one prospective study (Vatten and Kvinnsland,
1992) did not show any statistically significant association
between breast cancer incidence and time since last birth. In
a large prospective study (Lambe et al., 1994) a decrease in
risk was observed with increasing time since last birth among
uniparous and biparous women. Neither of these studies,
however, examined the relative strength of the strongly inter-
related risk factors age at births and time since births.
In the present study we examine the relation between
breast cancer incidence and time since last birth in a
population-based, prospective study of 802 457 parous
Norwegian women aged 20-56 years. Information on repro-
ductive factors and cancer diagnoses was provided by nation-
wide registers. We also investigate whether the associations
with age at first and last birth (Albrektsen et al., 1994) can be
explained by a more direct relation with time since last birth.
Materials and methods
The present study includes all Norwegian women born in
1935-71 who had been residents of Norway for some period
after 1960 and thus were included in the Central Population
Register. A total of 802 457 parous women were included in
follow-up, contributing a total of 13 199 897 person-years in
the age interval 20-56 years. The closing date of follow-up
was 31 December 1991, and the mean follow-up time per
woman was 16.4 years (range 0.5 month to 36.9 years).
The reproductive history for each woman, which included
date of birth for each liveborn child, was obtained from the
Central Population Register at the Central Bureau of Statis-
tics. The file with information on demographic and reproduc-
tive characteristics has been described previously (Albrektsen
et al., 1994) and the present updated version includes rep-
roductive history until the end of 1991.
The official birth registration number was used to link
information on cancer cases, obtained from the Cancer
Registry of Norway, and data on emigrations and deaths,
from the Central Bureau of Statistics, to our file. Since 1953,
all cancer diagnoses made in Norway have by law been
reported to the national cancer registry. A total of 4787
parous women were diagnosed with breast cancer (ICD 7th
Revision, code 170) during follow-up. The diagnosis was
supported by histological examination and/or by autopsy for
4742 cancers (99.1%). Of these, 4703 cases (99.2%) were
classified as adenocarcinomas, one (0.02%) as unspecified
carcinoma and 31 (0.7%) were sarcomas. For seven cases
(0.1%), histological codes were not recorded.
Statistical analyses
Potential relations between time since last birth and the
incidence of breast cancer were examined in a log-linear
Poisson regression model (Breslow and Day, 1987). A
woman was considered to be at risk of developing breast
cancer from the time of conception of first full-term preg-
nancy. The date of conception was estimated at 9 months
before the date of delivery, and a woman contributed per-
son-years in successive categories of parity and time since
last (most recent) conception. For each new pregnancy, a
woman re-entered and contributed person-years in the
lowest category of time since last conception. A monthly
reclassification of the time-dependent variables was allowed.
A woman was withdrawn from the analyses at the date of
cancer diagnosis, emigration or death.
Owing to the small number of cancer cases before the age
of 20 years, all analyses were restricted to the age interval
20-56 years. Stratification was made on attained age in 1
year intervals and birth cohort in 5 year intervals. Reproduc-
tive variables were included as covariates in the model. We
wanted to investigate the relative strength of the time-
dependent variables representing time since last (most recent)
birth and age at last (most recent) birth in analyses adjusted
for current age. It is impossible to estimate the effects of
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as each variable can be expressed linearly in terms of the
other two. However, inclusion of nulliparous women in these
analyses provided an opportunity to estimate the general
age effect within a model including all three variables. A total
of 1 145 149 women were nulliparous at the age of 20 years.
A large proportion of these women were at risk also in the
group of parous women, but in higher age groups. Nul-
liparous women contributed a total of 5 597 030 per-
son-years in the age interval 20-56 years, and included a
total of 741 breast cancer cases. Indicator variables were
introduced into the statistical model to ensure that the rate
estimates for age at birth and time since birth reflected effects
in the group of parous women only. Likelihood ratio tests
were carried out to assess heterogeneity in risk. Tabulation of
data and model fitting according to Poisson regression was
performed by means of the EPICURE program package
(Preston et al., 1993).
Results
The risk of breast cancer was lowest during pregnancy (Table
I). A short-term increase in risk was seen after delivery, with
a maximum 3-4 years later, followed by a steady decrease in
risk (Table I). The maximum risk was about double the risk
for women whose last delivery was 20 or more years
previously (IRR = 1.99, 95% CI = 1.70-2.33). After the
third and higher order pregnancies the peak in risk appeared
somewhat earlier (Table II). Figure 1 shows the relative risk
estimates by time since last birth and number of full-term
pregnancies relative to nulliparous women. Women with one
or two children had a somewhat higher risk in the first
decade after pregnancy compared with nulliparous women,
except for the period during and immediately after preg-
nancy. Women with three or more children were at lower
risk than nulliparous women in most categories of time since
last birth.
Table I Incidence rate ratios (IRR with 95% CI) ofbreast cancer by
time since last birth a.
Time since No. of Person-years
last birth (years) cases (x 105) IRR (95% CI)
During pregnancy 24 11.6 0.36 (0.24-0.55)
< 1 97 15.5 0.92 (0.73-1.15)
1-2 276 24.1 1.16 (1.00-1.35)
3-4 338 16.4 1.24 (1.08-1.42)
5-6 348 12.5 1.06 (0.93-1.21)
7-9 618 14.9 1.OOb
10-14 1119 18.2 0.83 (0.75-0.92)
15-19 1118 11.6 0.77 (0.69-0.85)
>20 849 7.1 0.63 (0.55-0.72)
P, test for
heterogeneity <0.001
aBasedonPoisson regressionanalysis ofperson-years at risk, results
adjusted for attained age, birth cohort and parity. bReference group.
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Among uniparous women, with age adjustment based on
the group of nulliparous women, the risk estimates for time
since birth were not influenced by adjustment for age at birth
(Table III). Among multiparous women, the relative risk
estimates for time since last birth were closer to unity in the
model including age at first and last births, but the peak in
risk remained (Table III). However, after adjustment for age
at either first or last birth, additional adjustment for the
other factor did not further modify the risk. Risk estimates
for age at first birth were hardly affected by additional
adjustment for time since last birth (Table IV). By contrast,
the increase in risk with increasing age at last birth was
markedly reduced by adjustment for time since last birth
(Table IV).
The risk curves after higher order pregnancies may be
influenced by the risk pattern following previous pregnancies.
Separate analyses were carried out for biparous and triparous
women in different strata of intervals between the last and
the previous birth. The risk curves were generally similar
although the peak in risk was less pronounced and appeared
somewhat sooner among women with the longest time period
between the last and the previous birth.
Discussion
This is the first study which has explored in detail the joint
effects of time since births, parity and age at births. The
results of this population-based prospective study are based
on information from nationwide registers, and are thus not
influenced by selection or recall bias. Breast cancer risk and
most reproductive factors, in particular time since last birth,
are strongly related to age. Therefore, all analyses were car-
ried out with detailed adjustment for attained age in 1 year
intervals.
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Figure 1 Incidence rate ratios of breast cancer (log-scale) by
time since last birth and number of full-term pregnancies (with
nulliparous women as reference group; DP, during pregnancy).
Number of full-term pregnancies: -, 0; A, 1 or 2; *, 3; *, 4 + .
Table II Number ofcases and incidence rate ratios of breast cancer (with 95% CI) by time since last birtha in strata of parity
Time since
last birth (years) First pregnancy Secondpregnancy Thirdpregnancy > Fourth pregnancy
During pregnancy 6 0.36 (0.15-0.83) 7 0.30 (0.14-0.64) 6 0.33 (0.14-0.76) 5 0.43 (0.17-1.11)
< 1 20 0.75 (0.45-1.24) 24 0.64 (0.41-0.98) 30 1.08 (0.71-1.63) 23 1.35 (0.81-2.25)
1-2 36 0.70 (0.47-1.06) 125 1.39 (1.11-1.74) 84 1.33 (1.00-1.77) 31 0.86 (0.55-1.34)
3-4 59 1.33 (0.95-1.88) 159 1.42 (1.17-1.74) 78 1.02 (0.78-1.35) 42 1.02 (0.70-1.50)
5-6 42 0.92 (0.63-1.34) 165 1.18 (0.97-1.43) 102 1.10 (0.86-1.40) 39 0.82 (0.56-1.20)
7-9 79 1.00b 280 I.00b 174 1.00b 85 1.00b
10-14 156 0.95 (0.72-1.25) 487 0.74 (0.64-0.86) 342 0.93 (0.77-1.13) 134 0.75 (0.57-1.00)
15-19 171 0.95 (0.72-1.26) 545 0.72 (0.62-0.85) 289 0.74 (0.60-0.92) 113 0.60 (0.43-0.82)
>20 189 0.80 (0.59-1.08) 418 0.57 (0.47-0.70) 190 0.66 (0.51-0.86) 52 0.43 (0.29-0.66)
P, test for 0.006 <0.001 <0.001 0.002
heterogeneity
aBased on Poisson regression analysis of person-years at risk, results adjusted for attained age and birth cohort. bReference group.
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Table III Incidence rate ratios ofbreast cancer (with 95% CI) by time since last birth adjusted for age at
first and last birthse among uniparous and multiparous women
Uniparous women Multiparous women
Additional
Adjustedfor Additional Adjustedfor adjustmentfor age
Time since attained age and adjustmentfor attained age, birth atfirst and
last birth (years) birth cohort age at birth cohort andparity last births
During pregnancy 0.31 (0.12-0.76) 0.30 (0.12-0.75) 0.35 (0.22-0.56) 0.31 (0.19-0.50)
< 1 0.77 (0.47-1.27) 0.76 (0.46-1.25) 0.95 (0.75-1.22) 0.85 (0.66-1.09)
1-2 0.72 (0.48-1.08) 0.71 (0.48-1.07) 1.27 (1.08-1.48) 1.15 (0.98-1.36)
3-4 1.36 (0.97-1.91) 1.34 (0.95-1.89) 1.20 (1.04-1.39) 1.13 (0.97-1.31)
5-6 0.93 (0.64-1.35) 0.92 (0.63-1.34) 1.08 (0.93-1.24) 1.04 (0.90-1.20)
7 9 1.0yb j.00b I.Wb 1.00b
10-14 0.95 (0.72-1.24) 0.96 (0.73-1.26) 0.82 (0.74-0.91) 0.87 (0.78-0.97)
15-19 0.94 (0.71-1.23) 0.96 (0.72-1.28) 0.75 (0.67-0.84) 0.86 (0.75-0.98)
>20 0.78 (0.59-1.03) 0.81 (0.59-1.10) 0.63 (0.55-0.72) 0.79 (0.66-0.93)
P, test for 0.002 0.010 <0.001 <0.001
heterogeneity
aBased on Poisson regression analysis of person-years at risk with nulliparous women included to
estimate the general ageeffect within the model. bReference group.
Table IV Incidence rate ratios of breast cancer (with 95% CI) by age at first and last
births adjusted for time since last birth a among multiparous women
Adjustedfor attained
age, birth cohort,
parity and age atfirst
or last births
Additional adjustment
for time since last
birth
Age at first birth (years)
19
20-24
25-29
30
P, test for
heterogeneity
linear trend
Age at last birth (years)
(24
25-29
30-34
35
P, test for
heterogeneity
linear trend
1.05 (0.97-1.15)
1.21 (1.08-1.36)
1.29 (1.07-1.54)
0.004
<0.001
1.10 (1.00-1.21)
1.21 (1.08-1.35)
1.39 (1.19-1.61)
<0.001
<0.001
1.05 (0.96-1.14)
1.19 (1.06-1.34)
1.26 (1.05-1.51)
0.009
0.002
1.06 (0.95-1.17)
1.11 (0.97-1.26)
1.20 (1.00-1.45)
0.30
0.06
aBased on Poisson regression analysis of person-years at risk with nulliparous
women included to estimate the general ageeffect within the model. bReference
group.
In analyses adjusted for attained age, women with the
longest time period since last birth are also characterised by
lower age at last birth. In the present study, nulliparous
women were included in the analyses to make it possible to
estimate the general age effect in a model including all three
variables. The age effect in the group of nulliparous women
may differ somewhat from the age effect among parous
women. However, the risk estimates for time since last birth
were quite similar in analyses with and without nulliparous
women.
In the present study, the observed breast cancer risk was
lower during pregnancy than during all other time periods
following a conception. This observation may in part be
explained by misclassification since women with a breast
cancer diagnosis in the first part of the gestation period are
often advised to seek abortion, and we had information on
livebirths only. Also, a pregnancy leads to several changes in
the breast, and tumours may easily remain undiagnosed dur-
ing this period.
The present results support previous observations (Bruzzi
et al., 1988; Negri et al., 1990; Williams et al., 1990; Lambe
et al., 1994) of a short-term increase in risk in the period
following a pregnancy. In two hospital-based case-control
studies among multiparous women (Bruzzi et al., 1988; Wil-
liams et al., 1990), the highest risk was observed 0-3 years
after last delivery. In a reanalysis of an updated version of
data from one of these studies, including biparous women
only (Negri et al., 1990), the highest risk was seen 3-5 years
after delivery. No association with time since last delivery
was reported from two population-based case-control
studies (Adami et al., 1990; Cummings et al., 1994). How-
ever, in one of these studies (Cummings et al., 1994), based
on a large sample of multiparous women, a weak transient
increase in risk, with a peak 3-6 years after delivery, was
suggested.
In a recent prospective study (Lambe et al., 1994) the risk
of breast cancer decreased with increasing time since birth
among uniparous and biparous women. However, the model
applied did not allow for non-linearity in the relationship
with time since birth, and thus a possible peak in risk some
years after a pregnancy could not be detected. In accordance
with our results, there were indications of a non-linear tran-
sient increase in risk after a pregnancy in the data presented
(Table I) if time since first birth was represented by
categories of age at first birth in age-specific analyses. In the
present study, which included both uniparous and mul-
tiparous women, a peak in risk emerged 3-4 years after last
delivery. The transient increase in risk remained after addi-Breast cancer risk after pregnancy
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tional adjustment for age at first and last births. Another
prospective study from Norway (Vatten and Kvinnsland,
1992), which did not find a short-term adverse effect of a
pregnancy, had relatively low power to detect an increased
risk of the magnitude observed here.
Previous reports on the effect of parity on breast cancer
risk in premenopausal women have not considered a possible
interaction between parity and time since last birth. In the
present study, with nulliparous women as reference group, a
consistent decrease in risk with increasing parity was only
seen among women whose last delivery was 10 or more years
previously (Figure 1). In women whose last delivery was 1-9
years previously, those with low parity had higher risk than
nulliparous women, whereas the effect of parity was uncer-
tain during pregnancy and in the first subsequent year. Thus,
variation in the reported effects of parity between previous
studies among young women may be explained by different
distributions according to time since last birth. In a recent
study from Sweden (Lambe et al., 1994), uniparous women
had higher risk than nulliparous women in the first 15 years
after childbirth. Considering the 'breast tissue age' model of
Pike et al. (1983), Rosner et al. (1994) predicted that
uniparous women were at higher risk than nulliparous
women as long as 35 years after first birth. For multiparous
women, however, the crossover occurred about 10 years ear-
lier.
Recent reports (Kvale and Heuch, 1987; Kalache et al.,
1993; Albrektsen et al., 1994) have indicated that the associa-
tion with age at last birth is slightly more pronounced than
that observed with age at first birth. In the present study, age
at last birth seemed to be less important when time since last
birth was included in the model. This result indicates that the
association between breast cancer incidence and age at last
birth is in part explained by the association with time since
the last pregnancy.
In analyses among multiparous women, the observed
association between breast cancer-incidence and age at first
birth remained after adjustment for age at last birth and time
since last birth. The relation with age at first birth, however,
may in part be attributed to the association with time since
first birth. This issue could not be explored further in our
study as no effect of age at birth was seen among uniparous
women.
Several studies have been conducted in order to link the
associations observed between reproductive factors and
breast cancer risk with biological mechanisms involving
endogenous hormones, but no clear pattern has emerged
(Thomas, 1991; Bernstein and Ross, 1993). The increase in
risk of breast cancer shortly after a birth may be explained
by a growth-enhancing effect on malignant or premalignant
cells owing to the very high level of endogenous female sex
hormones during pregnancy (Henderson and Bernstein,
1991). The long-term protective effect of a pregnancy may be
related to long-lasting hormonal changes induced by the
pregnancy (Bruning et al., 1987; Musey et al.,1987; Wang et
al., 1988), or to death of cells in the early stages of the
carcinogenesis as a result of the strong hormonal stimulation
during a pregnancy. Alternatively, the decrease in risk with
increasing parity may be related to differentiation of mam-
mary glands induced by a full-term pregnancy (Russo et al.,
1982, 1992). Immunological mechanisms have also been sug-
gested as an explanation of a dual effect of a pregnancy
(Janerich, 1979; Miller et al., 1980). Experimental studies are
necessary to elucidate further the biological mechanisms
behind the relation between reproductive factors and cancer
induction and promotion.
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